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(57) Abstract 

Novel cyclosporins having a high water-solubility, a high peroral absorbability and a reduced nephrotoxicity and a medicinal 
composition containing the same. The compounds include phosphates, salts thereof and solvates thereof of 
[phosphonothreonine 2 ]cyclosporin A, [phosphono-4-hydroxynorvaline 2 Jcyclosporin A, [phosphono-D-serine 3 ]cyclosporin A, and 
[phosphonothreonine 2 , phosphono-D-serine 3 Jcyclosporin A. 
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A Hetot L-Abu Sar L-McLeu L-Val |»"*J eu j""^ a ljS^H L^MaLeu L-HeVai 

B Hetot L-Ala Sar L-MeLeu L-Val L-MeLeu L"Ala D"Ala l^m^u L-MeVal 

C Hetot L-Thr Sar L-HeLeu L-Val L-MeLeu L-Ala JM** i* Mrffu L-MaLau L-HeVal 

I ST" 1 fcfi S i3fi ftS BBS $ D gf »g ISS t*g 

M Slat L-5S sir L-iSS L-Nva L-MeLeu L-Ala D-Ala L-MeLeu L-KeLeu L-MeVal 

N Hetot L-Nva Sar L-MeLeu L-Wal L-MeLeu L-Ala p-Ala iCSSiS L-HeLeu L-HeVal 

0 L-MeLeu L-Nva Sar L-HeLeu L-Val L-MeLeu L-Ala D~Ala KISSlS! i .iteLeu L-MeVal 

P Bat L-Thr Sar L-MeLeu L-Val L-MeLeu L-Ala D-Ale L-HeLeu L-HeLeu L-Meval 

O Hetot L-Abu Sar L-Val L-Val L-HeLeu L-Ala D-Ala J'^J^J l^tauS L-MeVal 

R Hetot L-Abu Sar L-Lau L-Val L-Leu L-Ala D-Ala I -MeLeu L-MeLeu L-MeVal 

S Hetot L-Thr Sar L-Val L-Val L-MeLau L-Ala D-Ala LjteLeu ^""^ H£X*J 

T St L-Abu Sar L-HeLeu L-Val L-HeLeu L-Ala D-Ala J*"|J e ^*J r^itaLeu L-MeVal 

U Hetot L-Abu Sar L-MeLeu L-Val L-Leu L-Ala D-Ala L-HeLeu L-HeLeu L-Mem 

V Hetot L-Abu Sar L-MeLeu L-Val L-HeLeu |<"^ u S~^i* {'"tteLau tlteLeu L-Val 
W Hetot L-Thr Sar L-MeLeu L-Val L-HeLeu L-Ala O-Ala L-HeLeu L j™^ 1 L-M«Val 
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Y Hetot L-Nva Sar L-HeLeu L-Val L-Leu L-Ala D-Ala L-HeLeu ^ t-HeLeu L Hem 
Z • L-Abu Sar L-MeLeu L-Val L-HeLeu L-Ala D-Ala L-HeLeu L-HeLeu L-HeVal 
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>X(*D-i??L < <*L-'<'J >**L, A,liD-£L < IU-'< 'J >XliD- 
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•J >A, C M/^->* > D-tr 'J >' ] ax. if »J VACti^T, 
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t, 1 BfcfcO, 5 mg~ 1 g/B/t KDttBW, ff * t < I** 10 
mg-lOOmg /B/b h ©jfiffl^a^-C* *o «^i:<J:->tli, :n 



WO 97/11092 PCT/JP95/01906 

19 

fcSlMittMoETJi^S J: -5 K8«4<fcLfc*>0£. 0J * -If 5 * 
yH7*)\,<DZ. J > ft i] ?M ;i^K©*^£«-f S Z tci OS! it* 

teltftKb Fo + i/^o fcr/Hr/Uo-x, ?o^*A^a-xth 



WO 97/11092 PCT/JP95/01906 

20 

iRffl*»n;ifc®5tt»-f *c tic J: $»it$n*o 

^»Jt*-;Hfaij k>, ?K u b* — ;i t ;m - £ ) , &!?S$lrts 

*l CM*!*, '<7 7^ , flffiiR*) (0J*li\ H&tt) 



WO 97/1 1092 PCT/JP95/01906 

21 

tfJ©«P#i**flI2. MX.\*mfc. i/ayf, ho-f, x'J*-> 

<t&to&#n&&K*\zftikzii?>z tic j; saaaan*,, *r«<fc 

* 5 » c ^ a* *) -r * c t «k o f^m n ©Ji m * t> 
Kt*<rii5, cn<=>® *>oi*, *»gHfc*«bo-jM*, ait 

fl 1X1**11 U o^tltllXXIiSllfttft « : k c J: 0« 



WO 97/1 1092 PCT/JP95/OI906 

22 

ttWMIi, ASK, 8il»tt, 5;'J 7-tr'J '^7^ V. -5-5, 

ABB, 75** *2. r 'J a-*SU ffftTAa-A* r 'J -b 'J 

KSftu-cii-f -set &k*9i*, *»w<t**©-«* 



WO 97/11092 PCT/JP95/01906 

23 

m to m 

/<>^A2->T;if A7tX7i - h^A>f K U - r 484fflg * 
5mi ®&SmWW (AG50W-X2. BIO-RAO ttSl) © A 

2ml 0|iaffi|fi?££«Ufc*5 AlCjftb, $ f><C20inlO7K-C»ai Ufc 
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(MEGA BOND BLUT C, - r U 9 Analyticheo ttfi) 

»iifcf**o-7 h^57-< K«fc.5fttt«$!£fToT§ W&£#!BU 
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*7A:'ft-h>'A PREP-ODS , 20X250rom (y-iAt-fiV 

#7 Afl& : 6<TC 

: 70X T-fe h- h 'J )l-Q.Z% 'J >»7jcjg« 
: 7ml/min 

'if >i/3>^>fA: 17.2min 
c®#Ii£'>ft©7KT?HiBU SffiC. OttW (Sep-Pak C. * 
- MJ » WATERS tt 13 ) 9 J -^TSUlt 

X* U > A*16mg#fc<, 

i.&*®feac/tt» 

2. »& 171-175 *C 

3. tejfcK (a) *° — 138 * (c«0. 69.^7-* + ) 
4.7c3R#ffr CHmiNmCP • 5/2H,0fc bT 

: C 55.42 : H 8.78 ; N 11.47 
HflfttCX) : C 55.14 : H 8.45 ; N 11.37 

5. £*« 1297 (PABMS) 

6. K*£*r BK*>PABMS : (M-H) * , m/z 1296 

W-f * > PABMS & : (MtH) ♦ . m/z 1298 

£ffitfl 2 (7»^7»ni/tsv')^gx^JvA 

h 'J AjftO^fiR 

i/ a U >C250mgK •/?; if ^7tX7t - F 154mg , ;> 
■> ? o^*»/ A* iUsK^-r 1 K422mg , tr U 'J >8ral £ftJ*, $1 
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T16B$l«ltli/kLfco *2inl £An** 60#ffll«{iy^8U 

*8&*atafc*U fcETSttbfco CttK25K T>*-T7jC40 
ml£fll;U SfiTT19B#IB!«l*A,Lfco :n*«ET, ttl5ml*-C 
»»U 2NifiKTpH 1-2 ICWfiU 15ml®#fi*x* ;U"C 3 EM&Hl 
Ufco l#£nfc8mx**»l*7jcftj*SK MB* r } ) * A-CftttU 

asETataufco *c:n*y * j -JUo«nc*a*L„ o. 5N7icei<b 
s*tfc. cnic7X3mi fcjto*, ifi«c, ©mi© (meca bond 

ELUT Cn*- h 'J i?> Analytichem 7K^»40 
iWarl-S-^h'J t7 Aifc£204nig 

/ (7*^7ty *x > » ) > * o X# »J :/ A m-rU^A 

2. MA 209-210 *C 

3. tfc&tt (a) ■•— 158 * (c=0.48 , t*J-* +) 
4.5c*#*r C,,H,,.N,,0,,PNa, • 3H,0fc UT 

tt*tt(X> : C 53.32 ; H 8.37 : N ll. 03 
£ ill fit (X) : C 53.03 : H 8.44 : N 11.02 

5. ft?ft 1341 (FABUS) 

6. »*#tfr BW*>FABMS 8; : Ol+H) * , m/z 1342 

ox* 'J >C200mg*fflV^TI^«UC 'J >MfbU 0.2N7KM 
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CK 7i/^l/ y ? X*- h U » S>AC-210-10 ( ^"ftl t> jflffcJi&tt!4 

*CDfil£:toa<16mgi#'i>ftfco *<fc^«JliFAB MSK «* 5 #**ffl£K 

* *) (7 + X7tyM/t-'-/M oxtfU 7 A©-* M 5 

(MfH) * , m/z 1320) o 

mmm a (?»x7w-d- * u > 1 ) > ? q x # »j > a o-»Bg 

(D-b 7 ' ) 7 7 a * # >J 7 A 0. 7g , f T J xf ;U 7 * X 7 

* - h 0. 5g. 7 7 ? o ^ * '7 * * * # 7 4 5 K 1. 5g, fcf 'J -7 7 20ml 

ttkioobi *a$tniu £at\ -«m*//L*:, c:n*iftfitTpH 1 

~2 cnfiU ft«xf-;H50nl -0 301*^0, h »J * 

ATK*U «ET«K*S*bfc. Cft*-fe7 rx y ?XLH-20 
(7 r -7TttS) 7 A ? a"? b (27X 270mm), > 

7A*0.34g 

/ C 7 t X 7 * J -D- -b 'J > ' ) 5/ jr a x * 'J > A ©to&fft 

2. MA 170-174 *C 

3. £ftK (a) ,4 =-l67 ' (c*0.51 > +) 
4.5c*£tlT C.,H,,,N,,0,.P • 3/2H,0t LT 

«■*««) : C 56.18 : H 8.74 : N 11.62 
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*ffltt(X) 



C 56. 12 ; H 8.55 : N 11.45 



5.#*ft 



1297 (FABMS) 



6.Kft5**r 



»>f ^>PABMS : (M-H) " , m/z 1296 



HK ^ > PABMS & : (MHO * , m/z 1298 



HJ5fi0y 4 C 7 * X 7 * y -D- -b U > ! ) 9 J 9 a X £ U > A 

*Jfcffi3 fcHWicUT, (D-tr»; >• 3 <> ? a x >; > A © 'J > 
»<k*lfo/io CD-try:/' ) ax* »J >A l20mgK T y x 
f - h 74mg* S> 2/ ? a * •> ;p * ^ # f J <4 I K 204mg ^ 

tr»jy>4ml *tlflX.. 64*lffl«H^Lfco &K*0.5ml £ll0*, 30 

T»«rfcBIU 25* T >*-T*20ml*;Dll;l2li*lffl*l*A/8K 6ft 
*ac J: ****** Ufc. HBETCftfcMfcfflbfcau 
0.5NCD*a<k^ h U * A7K»tt*0.7nl toil. 20* BO ft It A b fc. 
«BET8»f*a*U &4BC. omit (MEGA BOND ELUT Cm*- h 
'i^y, Analytichem ttfi) 7fcifefc40X y * - /HC 

Aifi*70ingf#/Co 

/ (7tX7t;-D- * 'J > • ) fJax^'JVA ~ * h'J * A 
2.84.6 199-203 *C 

3.1$3fe« (a) ••-159 ' (c=0.27 , +) 

4.7Cjfc##r C..H.,.N,,0..PNai • 5H,0t UT 
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C 51.98 : H 8.44 : N 10.75 



C 51.72 : H 8.15 : N 10.74 



5.#?ft 



1341 CFABIIS) 



»>f *>PABMS ft : (M*H) * , m/z 1342 



£Jfiflj 5 tJ+ZltJ -D- -tr 'J > 1 ) ^^QXiK'J > A ZL^< 

*lHH4"0&fcnfc (7 * </-D- "b 'J ) > ? a X # 'J 

y h U ff Aft20mg*7Klml Kfcfrb, 2N©i&fii"CpH 1-2 
KWSEU »«xf-Aflil TSHttWU h »J ^A-Ctt**, 

ttET**fcBU l7mg©6fe&K*&fc„ - flic ;* * J - *0. 5 
■l*iB;U ^>';*T 5 > 4 1 *fin*.> -««l*A/bfco »ET 
8tt£S*U Tklml gffiCi. ©HISS (SEP-PAK C. *- 

WATERSttfi) 7jcftfc40X y * y ;HC*C»Hi 

>**13Bg»fc. 

/ -D- * U > 1 ) i/ ? o X # 'J > A H'O ;UT 

2. M& 164-166 r 

3. tS3tR Ca) •• — 199 ' (c»0.28 , + ) 
4.5f;j*#0r C,.H,,.N,,0iiP» 7H,0fc \jX 

8t*tt(X) : C 55.69 : H 8.86 : N 11.11 

HaHBOD : C 55. 98 : H 8.55 : N 11.17 
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11*60113 fcra»KLT, CD-* 'J > 1 ) "J 9 a X # 'J > C 0 «J > 
fitfk*lfo/co CD-trU^M V^axjK'J >C 30mgK$/7yx 
fA7*X7x-h 39mg, ^ •> ? a ♦> Jl ij i\, # i> 4 I Kl02mg ^ 
tf.Uy>2il 65^m«I±>0 fcK*0.5ml £tHU, 30 

K<k$3tf*ig&£f!*£Lfco «ETcn*B«fftSLfc&, 0.5N 

07XBift-f h y * A7jc«fc<£o.2mi jn*. 2ob* fa u &ee 

T8J**3*U iSfflC, (SEP-PAK Cm *-h «J * 

WATERSttB) 7jcifefc40X / * y - ;HCT»tH U 

T8ttt*S*"f *C tic**), iWfc-r«E3f- h U * 
3fcfcLT8n>g f#/co *<b£ttf*PAB MSK X Zft^M&HfiHZ «£ *) t7 
tX7 + ; M/t->« „ 7tX7*;-D- -tr »J > ' D S/ ? a * # 

*>PABM$8i : (M+H) * . o/z 1482) • 

^QXiH'J >aoftffi»«(I»ttli:, T-felI&©IL-2££iiic*» 

>s®£&£&ii, T-iofls©iL-2£&ii3©fcw*'f nii&^ 0 * 

:T, T-lffl 3 ^ + ? MttBS (Jurkat cell , t h 

RPM1-1640 JftJfe (7D-7*7 h U -XttlH, 10X heat- 
inactivated FBS . 300 mg/1 L-glutamine, 50 U/ml 
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streptomycin, 50 U/ral peniciliiu 25 nM hopes, 50juM 2- 
mercaptoethanol)KT*taJ*«IBfc Ifc'^t-* h (Jurkat) to 
MOMIt&mtiLZlW /ml fcUO.lml £96* i^t 1/ - 
^fttfc, tl-2££®$(l**il*: tta >A £10 

mi un*.5i-£a»K©»*4*20;K i flSfinu/co «Fttj©8Sttn:«k >> 

1000 rpm x 5 min) *tf V>±f***#fc« 

!L-20iMSIiIL-2«tff14itel!at b-C»^nrv>*CTLL-2tellia*ffl 

**ttJ8W»Ifc LfcO. lml ©CTLL-2IB1& (40.000/ml)KlirELfc± 

^--C48^W*&*t/c. *»*t*7fc*Blfi«»*MTT T»*-fCT« 
£Lfc 0 CTLL-2lfflflaitt$ift^ & IL-2S SC CD H ^ U ^ fJ6'J3>ft> 
ML-2{C^^T^J6T*»*^, Ch*X^>y- K*-7fcLTMje 
t/iCTLL-2Jffl8afll5i* «fc 0 il-2»a£ftj£ ufc 0 

»^flsan»iiaT<o iL-2a£^* 

iL-2££ifis$a)=u- --— ^rz^rrri 0 ^ A m ) xl0 ° 

st«i«8SJniifflii&'Coa-2a£* 
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&2 &*)WZ>frt££r>\z*ftW<£4i®\t. ft U >»XX7^K*K: 
itLXfSmti&Tt *na{*T3*lWL-2&&PI£®14£*rL 

x.3o-ci:t3o»ibus»8I«jl/co * nfn©Sit»s * * 250 jui r 

oi^yfa-^i:8t), 3**13(10. OOOrpm x lOmin) Ufco 
( 7 * X 7 + / -D- -fe 'J > 1 ) i/^oX^'JVA -th 'J^A 

(7tx7t; M/^i>« ) ax# »; > a m 

* AJtll-aHTtt, 500mg/n»l bUZZ? IC&S7fc£tin*±.fB 1 H«R 
HPLCfctt ;*H >f*- hi/^C8 (4. 6x250nnnK 



£f&« T-feh-MJA'-y* ^ - ^-ftSTk- 



tf (50 : 35 : 15 : 0.005), 
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*7Aj&|| 75*C> UV 210nmTfctiJ 



®«S (mg/inl) 




0. 0267 
0.0297 
0.0351 
500< 



250< 



$3i:K»I©i/^ox^'J>A, C ttttt U/tU:, £ 3 J: 0 
b& J;oK*&BJHfc£ttttR#©i/?a*tf «J >A, C 1? i: Jt 

^tfj7000f&& Jt *> 7jc»1±*<»^ -o A:, 

t/iy IJ75 >xft*<««iFomafc UTofiSfitfcW'f * 

CfcliEKfU&SnT^* B*BR8?^, 83«, 40 

-47 I, 1992*) o 

7jl»OJ«SD? «y 1 8l0ET?*m8k i> 2 a * # 'J 

>A 10mg/kgfl:48K >?axtf U > 0 8*58, C7+X7 t > h 

) •/Jdx^'J > A 858. C7 tX7 + y-D- -tr 'J >• 
) ^o^ij i/AS5»0 5 8*H:tt* fctt*4£5ng/nil©»KK 
H»Lfc&, WKrtC2inl/kgOS*r 7 BIBiaaaWb^o #1818 

'J ZwkigflE (23. 6rag/10ml/kg) £&$!l*IP 85 U/cfcP-2 151*4 

K&a'J^AfcftDX./c'J^'^Stffc (LiCO, 
738.9n>g/kg/foo<D*5*fc„ SB 7 ? h»»K J: *>»m LfcattK 
*-*>!:: A ft 'J f"5> A£*r£T-C24B$IK#fcU *©SH*^'> 
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iftL 'J f"> A(i£jfii8U 3000rpn T 10^ IHI iS *C>^ « Lf# 4 ftfcifilK 
«*»J Al*8m'<*1500rpn» -ClO^lffla^^tt U# £ 
n^±f»*ffll>T, t ( 775S, BttfiftEfffi) K 

J:0«J«L/Co ±Se®SllJSttri>£fca;(2)K<k 7*hf*fil00giif 

24^W Ct,/100g=««x 100/5 h(*S • KLitt/lfil*Litt 

... (2) 

g_4 

Wttjj <H> • 

Mojl'jyA 
•>*M*i)yC 

W '/A inimi 

4 KJK*!CD->2 DXiH'J >A, C tit It LTffc L fc 0 8 
+ ho-;i/<z> 100<kD/I>$^C fcli&fc&ORfrJl** 

f*£250g©SD&5 » M^30mg/kg t tl * <k -5 ICO. 53U f- ;l> -b ;U n 



100 
53 
39 



125 
98 
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t X^/-D- * 'J y* ) i/9aztfi) y A£&Ptft4 UJttB#ttK: 
fflgB»8)R«J: *)»Jlll Lfco #Jfil&i3'fr&S (10.000 rpm x 5 tnin) I- 
«k $-h»£#JRU MS* 7 A (Sep-pack C. Vac, waters) K 

100%^ *y -;KD10X xt^icJ:*)*? A/>>£0SiHiB#£8 
0. *©50M *HPLC{w-T > i> x 0 M,T<tn*tl®»K*#i<>fco 



3*5 





0.5 


1 


2 


4 


8 


24 


24hr*-e 

mourn 




895 


4321 


1915 


1021 


533 


69 


8754 


(2) 


1413 


3115 


2516 


2391 


910 


103 


10448 


(3) 


391 


813 


971 


536 


311 


31 


3053 


® 


1804 


3928 


3437 


2927 


1221 


134 


13501 



$«t»©jfiL + SKli, ng/ml *C&& 0 

(2); 17«7*;-D- w , mox*')yA*a5Ufc*£0 
(7*X7*/-D- tu y • 1 : j1 ox*»j yA© ib «f» » tt 

(#>) >»xxr;H*) Ktt^TfcttJfcflWSU » Sfctt l.Steg 

» « fi>J 
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lttl80ng iUTVtoljlZVtiXftmiZ* Sffc*il*W«Lfco 

fojj SSffiflJ 4 ©ffc^fc lOOmg 

lltS 61ng 

ft ft 14ms 

# 'J t*-;UT;U3 - A 2ng 

* ;u ? 2ng 
;fr »; ymv7*i/+> a lmg 

8*109 2 a^ffl 

flffiffl 4 ©fb£«J long 

fifb^h'J^A 90ag 

h U *A long 

ttWffl«S7jc aft 

8*10113 

*l*W8Lfc„ 

ffl:* 4 ©fk^fij looog 

Atl 107mg 

;l/o-X lOng 

^f7'J>»7^*->')A 3ng 



n « O ft jR 
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39 $ O ft 18 

-PCOXOH),) ffcSttTV**, S/ ? o X # «J > IS O U > fil x f - ;HJ| 



I— MeBnt -A l -Sar-A,-Ai-A4-A,-A,-AT-A,-A,- 
1 2 3456789 10 11 



( I ) 



A,liD-£ b < liL-a - T I J 68 D-£ L < liL-7 5 x 
>, D-£L < liL-h l/*x>, D-£L < JiL->< »J >> D-£L < liL- 
3-h Ko + S/y ;l"<'J >XI*D-£L < IU-4-k Ka*j/;^/<iJ > 

U A.liD-gL < UL-N-y f ;la-{ D-3> L < liL-o-f 
>XliD-£L < l*L-><U >£$U A»liD-!£L < l*L-'<ij >X|*D- 
£ U < liL-y *'<U >£«U A«liD-^L < l*L-a>r ->:/XliD-£ 
t < UL-y *;i/oW ->>*ab> A,liD-£l,< liL-7 5x>XliD- 
£U< liL-a-T * y»a*aU A,liD-«L< IU-7 5 - 
D-SK IU-t? U >££L, AittD-lr L < IU-y * ;U o >r •> >Xli 



WO 97/11092 



PCT/JP95/01906 



38 



n-SN-y f-^-(4R)-4-^^-2B-x>-l- >f;l/-4- /fHL)M/t 

>xi*ft©«iisa; (i) -cinStt* cm ©7b Ka{**at, 




-N — CH — CO- 
I (S) 
CH, 




— N — CH — CO — 

4h. <s) 



(I) 



CI) 



4. A,*<o-b'j >-cfc*»#8 2iatt©->*oxtf »j >s©y 

5. (7tx:t;M/tsv l ) J/fox^eijvA, C7*x 

7 * y -4- b K a # *> y H/< >J > 1 ) *> ? o # >J V A * C 7 + X 
7ty-D- -fe 'J > • ) i/J'oX^'J >ARt; C 7 * X 7 * V 
-> % , 7 + X 7 * y -D- -b'J>* ) 5/ ? a X # >J > A £ * $ 
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